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ON - VEHICLE POWER SUPPLY SYSTEM on lowering of a voltage of a battery at the time of starting 
AND A STATE DETECTING METHOD FOR an engine of a vehicle , and a state of the battery is detected 
BATTERY CONTAINED IN ON - VEHICLE using the calculated internal resistance . 

POWER SUPPLY SYSTEM Further , as a method for detecting a state of a lead acid 
5 battery at the time of traveling of a vehicle , in JP - A - 2005 

CROSS REFERENCE TO RELATED 263068 , there has been proposed a method where an output 
APPLICATIONS voltage of an alternator is controlled at the time of traveling 

of the vehicle . In this case , the internal resistance of the 
This application is a national stage application , filed under battery is calculated based on a change in a voltage and a 

35 U.S.C. § 371 , of International Application No. PCT / 10 current , and a state of the battery is detected using the 
JP2017 / 000682 , filed Jan. 11 , 2017 , which application change in the voltage and the current . 
claims priority to Japanese Application No. 2016-004260 , 
filed Jan. 13 , 2016 , the contents of both of which as are BRIEF SUMMARY 
hereby incorporated by reference in their entirety . 

An internal resistance of a battery can be considered as a 
BACKGROUND sum of a parts resistance and a reaction resistance . However , 

with the technique disclosed in JP - A - 2005-263068 , during 
Technical Field traveling of a vehicle , only a portion of an internal resistance 

( reaction resistance ) of a lead - acid battery can be detected , 
The present invention relates to the detection of a state of 20 and a parts resistance of the lead - acid battery cannot be 

a sub battery contained in an on - vehicle power supply detected . Accordingly , it is difficult for the technique to 
system which includes : a main battery ; the sub battery accurately detect a state of the battery . 
connected in parallel with the main battery ; a voltage The present invention has been made in view of the 
adjuster for controlling voltages of powers supplied from the above - mentioned circumstances , and it is an object of the 
main battery and the sub battery respectively . 25 present invention to provide an on - vehicle power supply 

system and a state detecting method for a battery which can 
Description of Related Art accurately detect a state of a sub battery even during 

traveling of a vehicle , and can prevent in advance a state 
Recently , along with the expansion of a market of an where the sub battery is not operated so that a failure occurs 

ADAS ( Advanced Driver Assistance Systems ) , to realize the 30 in a power source . 
improvement of fuel consumption and ensuring of a safety An on - vehicle power supply system according to an 
function of a vehicle , the use of an on - vehicle power supply aspect of the present invention includes : a main battery , a 
system which includes a plurality of 14V - system power sub battery connected in parallel with the main battery , a 
sources or two power sources consisting of a 42V - system voltage adjuster which controls a voltage of power supplied 
power source and a 14V - system power source has been 35 from the main battery and the sub battery , and a state 
spreading . This on - vehicle power supply system includes a detector which detects a state of the sub battery , wherein the 
main battery and a sub battery . state detector comprises a first calculating unit which obtains 

The main battery is used for supplying electricity neces- a first internal resistance that contains a reaction resistance 
sary for driving accessories at the time of performing motor and a parts resistance of the sub battery , a second calculating 
assisting or idling stop during traveling of a vehicle . Energy 40 unit which obtains a second internal resistance that contains 
generated during deceleration is stored in the main battery as a reaction resistance of the sub battery , and a state deter 
regenerated energy . As the main battery , for example , a mining unit which determines a state of the sub battery , 
lithium ion secondary battery , a nickel - metal hydride wherein the first calculating unit calculates the first internal 
rechargeable battery or an electric double layer capacitor is resistance based on a voltage drop amount and an inrush 
used . 45 current of the sub battery when supplying power to a load , 

The sub battery is used as a backup ( supply of a dark wherein the second calculating unit calculates the second 
current ) of accessories at the time of starting an engine of a internal resistance based on a relation between a voltage and 
vehicle or at the time of parking the vehicle , or as an a current of the sub battery when forcedly discharging the 
emergency power source at the time of occurrence of a sub battery by controlling the voltage adjuster immediately 
failure in the main battery . As the sub battery , a lead - acid 50 after calculating the first internal resistance and thereafter 
battery which has high - capacity but is inexpensive is used . once or more , and wherein the state determining unit deter 
During normal traveling of a vehicle , the main battery is mines the state of the sub battery based on the first internal 
mainly used and the sub battery is rarely used . resistance and a transition of the second internal resistance . 
As described above , the sub battery is used as an emer- A state detecting method , according to another aspect of 

gency - use power source at the time of occurrence of a failure 55 the present invention , for a sub battery in an on - vehicle 
in the main battery and hence , it is necessary to always power supply system that includes a main battery , the sub 
maintain the sub battery in a usable state . Accordingly , it is battery connected in parallel with the main battery , a voltage 
inevitable to detect a state of the sub battery such as whether adjuster which controls a voltage of power supplied from the 
or not the sub battery is degraded or a failure ( short- main battery and the sub battery , includes : a first step to 
circuiting , breaking of a wire or the like ) occurred also 60 calculate a first internal resistance , which contains a reaction 
during traveling of the vehicle . resistance and a parts resistance , based on a voltage drop 
As a method for detecting a state of an engine starter amount and an inrush current of the sub battery when 

lead - acid battery mounted on a vehicle , various methods supplying power to a load , a second step to calculate a 
have been proposed . For example , there has been known a second internal resistance , which contains a reaction resis 
method where , by paying an attention to the correlation 65 tance of the sub battery , based on a relation between a 
between the degradation or a failure of a battery and an voltage and a current of the sub battery when forcedly 
internal resistance , the internal resistance is calculated based discharging the sub battery by controlling the voltage 
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adjuster immediately after calculating the first internal resis- the sub battery obtained based on a change in a voltage and 
tance and thereafter once or more , and a third step to a current caused when the sub battery is forcibly discharged 
determine a state of the sub battery based on the first internal subsequently . Forced discharge of the sub battery and the 
resistance and a transition of the second internal resistance . obtainment of the second internal resistance are usually 

According to the present invention , it is possible to 5 performed at a point of time that the sub battery is rarely 
provide the on - vehicle power supply system and the state used such as at the time of normal traveling ( including idling 
detecting method for a battery which can accurately detect stop ) of a vehicle . With such an operation , a state of the sub 
a state of the sub battery even during traveling of a vehicle , battery can be accurately detected even at the time of normal 
and can prevent in advance a state where the sub battery is traveling of a vehicle . As a result , it is possible to prevent in 
not operated so that a failure occurs in a power source . 10 advance the occurrence of a failure due to the degradation of 

Although novel features of the present invention will be the sub battery during normal traveling of a vehicle . The 
described in attached Claims , the present invention will be calculation of the second internal resistance is performed 
understood more deeply by the following detailed descrip- immediately after calculation of the first internal resistance 
tion which relates the configuration and the content of the and one or more times thereafter . The calculation of the 
present invention and is made with reference to drawings 15 second internal resistance performed immediately after cal 
along with other objects and technical features of the present culation of the first internal resistance may be performed 
invention . periodically or when necessary . The obtainment of the 

second internal resistance performed immediately after cal 
BRIEF DESCRIPTION OF THE FIGURES culation of the first internal resistance may be started as soon 

20 as possible after the initialization of a system which controls 
FIG . 1 is a constitutional view of an on - vehicle power a hydraulic system and an electric system of the vehicle is 

supply system according to one embodiment of the present finished . That is , the obtainment of the second internal 
invention . resistance may be performed within several minutes after the 
FIG . 2 is a constitutional view showing a main part of the calculation of the first internal resistance is finished . The first 

on - vehicle power supply system shown in FIG . 1 . 25 internal resistance corresponds to a sum of a reaction 
FIG . 3 is a flowchart relating to the detection of a state of resistance and a parts resistance . The second internal resis 

a sub battery 2 by a state detector 4 in the on - vehicle power tance corresponds to a reaction resistance . So long as the 
supply system shown in FIG . 1 . on - vehicle power supply system can be established , a bat 
FIG . 4 is a view showing a change in voltage and current tery may be additionally provided . 

of the sub battery 2 at the time of starting an engine . Hereinafter , an on - vehicle power supply system accord 
FIG . 5 is a view showing a change in voltage and current ing to one embodiment of the present invention is described . 

of the sub battery 2 when forcedly discharging the sub However , the present invention is not limited to such an 
battery 2 by operating a voltage adjuster 3 during traveling on - vehicle power supply system . FIG . 1 is a constitutional 
of a vehicle . view of an on - vehicle power supply system including two 
FIG . 6 is a view showing an approximate straight line L 35 power sources ( 42V - system power source and 14V - system 

obtained by linearly approximating data on a voltage and a power source ) 
current shown in FIG . 5 by a least square method . As shown in FIG . 1 , the on - vehicle power supply system 
FIG . 7 is a schematic view showing a scheme of the includes : a main battery 1 ; a sub battery 2 connected in 

detection of a state due to obtainment of an internal resis- parallel with the main battery 1 ; a voltage adjuster ( DC / DC 
tance of the sub battery 2 during traveling of the vehicle 40 converter , for example ) 3 which controls a voltage of power 
from the starting of the engine . supplied from the main battery 1 and a voltage of power 

supplied from the sub battery 2 ; and a state detector 4 for 
DETAILED DESCRIPTION OF VARIOUS detecting a state of the sub battery 2. The voltage adjuster 3 

EMBODIMENTS is connected to the main battery 1 , and the sub battery 2 is 
45 connected in parallel to the voltage adjuster 3. The voltage 

The present invention relates to the detection of a state of adjuster 3 outputs a power source voltage from the main 
a sub battery in an on - vehicle power supply system which battery 1 after stepping down the power source voltage , and 
includes : a main battery ; a sub battery connected in parallel is connected to the sub battery 2 on an output side of the 
with the main battery ; and a voltage adjuster which controls voltage adjuster 3. On the output side of the voltage adjuster 
a voltage of power supplied from the main battery and the 50 3 , an alternator ( ALT ) 5 , a starter motor ( STA ) 6 , and an 
sub battery . The main battery is used for assisting a motor accessory load 7 are connected to the sub battery 2. A motor 
and for supplying power to accessories and the like during generator ( MG ) 8 for generating a driving force for a vehicle 
traveling of a vehicle . On the other hand , the sub battery is and an actuator 9 for adjusting a hydraulic brake are respec 
used for starting of an engine of a vehicle or as an emergency tively connected to the main battery 1 on an input side of the 
power source when a failure occurs in the main battery . 55 voltage adjuster 3 before a voltage of the main battery 1 is 
During normal traveling ( also including idling stop ) of the stepped down . 
vehicle , the main battery is mainly used , and the sub battery A 36V - system nickel - metal hydride rechargeable battery 
is rarely used . Accordingly , during normal traveling of the is used as the main battery 1 , for example . The main battery 
vehicle , a state of the sub battery ( internal resistance which 1 is used for supplying electricity necessary for assisting the 
is the combination of parts resistance and reaction resis- 60 vehicle during traveling of the vehicle or for driving acces 
tance ) cannot be accurately grasped . sories at the time of idling stop . Energy generated during 

In view of the above , in the present invention , a state of deceleration is stored in the main battery 1 as regenerated 
the sub battery is accurately detected using a first internal energy . 
resistance of the sub battery obtained based on a voltage A 12V - system lead - acid battery is used as the sub battery 
drop amount and an inrush current of the sub battery at the 65 2 , for example . The sub battery 2 is used as a battery for 
time of supplying power to a load ( for example , a starter starting an engine of a vehicle , an emergency power source 
motor ) of the sub battery , and a second internal resistance of at the time of occurrence of a failure in the main battery 1 , 
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or a backup ( supply of a dark current ) to accessories voltage value and a current value of the sub battery 2 
( accessory load 7 ) at the time of parking . outputted from the voltage sensor 10 and the current sensor 
As the accessory load 7 , for example , lamps , wipers , an 11 ( 522 ) . Usually , an output voltage of the voltage adjuster 

air conditioner , and audio equipment may be named . 3 is adjusted higher than a voltage of the sub battery , and 
The vehicle power supply system also includes : a voltage 5 power is supplied to the load from the main battery . When 

sensor 10 for detecting a voltage between terminals of the an output voltage of the voltage adjuster 3 is temporarily 
sub battery 2 ; and a current sensor 11 for detecting a current dropped from a normal state by the voltage controller 13a , flowing in the sub battery 2 . an output current of the voltage adjuster 3 is gradually 
As shown in FIG . 2 , the state detector 4 includes : a first decreased , and an output current of the sub battery is calculating unit 12 for acquiring a first internal resistance ( a 10 gradually increased so that the sub battery is forcedly sum of a reaction resistance and a parts resistance ) of the sub discharged . Thereafter , when the output voltage of the battery 2 ; a second calculating unit 13 for acquiring a second 

internal resistance ( a reaction resistance ) of the sub battery voltage adjuster 3 is increased to an initial voltage , forced 
2 ; and a state determining unit 14 for determining a state of discharging is finished . At this stage of operation , a load 
the sub battery 2. The second calculating unit 13 includes a 15 current is maintained approximately at a 25A . With such an 
voltage controller 13a for operating the voltage adjuster 3 . operation , data shown in FIG . 5 can be obtained . In the 

The first calculating unit 12 calculates the first internal example shown in the drawing , an output voltage of the 
resistance based on a voltage drop amount and an inrush voltage adjuster 3 is temporarily dropped from 15V to 11 V 
current of the sub battery 2 when supplying power to a load and , thereafter , is increased to an initial voltage , that is , 15V . 
( STA 6 , for example ) of the sub battery 2. The second 20 The second calculating unit 13 calculates a second inter 
calculating unit 13 , at the time of normal traveling of the nal resistance ( reaction resistance ( 0 ) ) of the sub battery 2 
vehicle , forcibly discharges the sub battery 2 by controlling based on a relationship between a voltage and a current of 
a voltage applied to the sub battery 2 by operating the the sub battery 2 using data obtained in the above - mentioned 
voltage adjuster 3 immediately after calculating the first operation ( S23 ) . The reaction resistance ( 0 ) indicates a 
internal resistance and thereafter once or more ( periodically 25 reaction resistance obtained by first calculation of a second 
or when necessary ) , and calculates the second internal internal resistance after the internal resistance ( 0 ) is calcu 
resistance based on a relation between a voltage and a lated . Thereafter , calculation of the second internal resis 
current of the sub battery 2 at the time of such forced tance is performed n times ( n being an integer or one or discharging of the sub battery 2. The state determining unit 
14 determines a state of the sub battery 2 based on the 30 calculation is assumed as a reaction resistance ( n ) . 

more ) . Then , a second internal resistance obtained by n - th 
transition of the first internal resistance and the second 
internal resistance . In this embodiment , the second calculating unit 13 cal 

culates a reaction resistance ( 0 ) as a second internal resis Hereinafter , the manner of operation of the stat detector 
4 in the above - mentioned on - vehicle power supply system is tance immediately after a first internal resistance is calcu 
described . FIG . 3 is a flowchart relating to the detection of 35 lated and hence , a reaction resistance of the sub battery 2 is 
a state of the sub battery 2 by the state detector 4 in the minimally changed between the calculation of the first 
on - vehicle power supply system shown in FIG . 1 . internal resistance and the calculation of the second internal 

[ Calculation of Internal Resistance ( 0 ) ] resistance . Accordingly , the reaction resistance ( 0 ) can be 
At the time of starting the engine of the vehicle ( at the considered as the reaction resistance ( 0 ) included in the 

time of supplying power to the STA6 of the sub battery 2 ) , 40 internal resistance ( 0 ) ( S23 ) . 
the first calculating unit 12 obtains data on a voltage value Specifically , the second internal resistance is calculated 
and a current value of the battery 2 measured by the voltage by a following method . 
sensor 10 and the current sensor 11 ( data shown in FIG . 4 , The second calculating unit 13 calculates a range where a 
for example ) . The first calculating unit 12 obtains a voltage current value is monotonously decreased or increased using 
drop amount AV and an inrush current I of the sub battery 45 data obtained by the above - mentioned operation . At this 
2 at the time of starting the engine of the vehicle based on stage of operation , for example , it is desirable to obtain a 
the above - mentioned data ( S20 ) . monotonously decreasing range or a monotonously increas 

The first calculating unit 12 calculates a first internal ing range of one or more seconds with a change rate of 10 
resistance ( internal resistance ( 0 ) ) by a following formula A / sec to 15 A / sec . Next , the second calculating unit 13 
( 1 ) using the obtained voltage drop amount AV and inrush 50 linearly approximates data on a voltage value and a current 
current I of the sub battery 2 ( S21 ) . The internal resistance value within the range by a least square method thus 
( 0 ) expresses a value of the first internal resistance calcu- acquiring an approximate straight line L , and calculates an 
lated by the first calculating unit 12 . inclination of the approximate straight line L. Further , the 

second calculating unit 13 calculates a reaction resistance 
internal resistance ( 0 ) ( m2 ) = voltage drop amount 55 ( 0 ) by a following formula ( 2 ) using the calculated inclina 

AV ( V ) / inrush current I ( A ) x1000 tion value . 

The internal resistance ( 0 ) can be considered as a sum of 
a reaction resistance ( 0 ) and a parts resistance ( 0 ) . reaction resistance ( 0 ) ( m2 ) = inclination of approxi 

[ Calculation of Reaction Resistance ( 0 ) ] ( 2 ) 

The second calculating unit 13 forcibly discharges the sub 60 For example , a range where a current value is monoto 
battery 2 by controlling a voltage applied to the sub battery nously decreased ( -24 A to -12 A in FIG . 5 ) is calculated 
2 by operating the voltage adjuster 3 during traveling of the based on data shown in FIG . 5. Data on a voltage value ( V ) 
vehicle immediately after calculation of an internal resis- and a current value ( A ) within the range is approximated by 
tance ( 0 ) , and measures a voltage and a current of the sub a least square method so that an approximate straight line L 
battery 2 at that point of time ( S22 ) . 65 shown in FIG . 6 can be obtained , and an inclination of the 

To be more specific , at the time of discharging the sub approximate straight line L ( 0.0387x1000 ( m2 ) ) is set as a 
battery 2 , the second calculating unit 13 obtains data on a reaction resistance ( 0 ) . 

( 1 ) 

mate curve Lx1000 
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[ Calculation of Parts Resistance ( 0 ) ] resistance ( 0 ) and the value of the internal resistance ( n ) 
The state determining unit 14 calculates a parts resistance obtained by the above - mentioned operation . 

( 0 ) included in the internal resistance ( 0 ) based on the To be more specific , when the value of internal resistance 
internal resistance ( 0 ) and the reaction resistance ( 0 ) which ( n ) / internal resistance ( 0 ) is equal to or more than a prede 
are obtained by the above - mentioned operation ( S24 ) . To be 5 termined value ( for example , 2 or more when symbol a in 
more specific , a parts resistance ( 0 ) is calculated by a the formula ( 4 ) is 1 ) , the state determining unit 14 deter 
following formula ( 3 ) . mines that the degradation of the sub battery 2 in a normal 

use has progressed to an extent that the sub battery 2 cannot 
parts resistance ( 0 ) = internal resistance ( 0 ) -reaction be continuously used ( S29 , S30 ) . resistance ( 0 ) ( 3 ) When a value of internal resistance ( n ) / internal resistance 

A second internal resistance is calculated immediately ( 0 ) is less than a predetermined value ( for example , less than 
after the calculation of a first internal resistance and hence , 2 when symbol a in the formula ( 4 ) is 1 ) , the state deter 
it is assumed that a parts resistance of the sub battery 2 is mining unit 14 determines that there is no failure in the sub 
minimally changed between the calculation of the first battery 2 so that the sub battery 2 can be continuously used , 
internal resistance and the calculation of the second internal 15 and continuously performs the detection of a state of the sub 
resistance . battery 2 . 

[ Calculation of Reaction Resistance ( n ) ] As shown in FIG . 1 , since the on - vehicle power supply 
Further , the second calculating unit 13 obtains a reaction system includes the state detector 4. Accordingly , as shown 

resistance ( n ) periodically or when necessary also during the in FIG . 7 , it is possible to accurately detect a state of the sub 
subsequent traveling of the vehicle by a technique substan- 20 battery 2 also during normal traveling of a vehicle . As a 
tially equal to the technique used in the case of the calcu- result , it is possible to prevent in advance the occurrence of 
lation of the reaction resistance ( 0 ) ( S25 , S26 ) . The reaction a failure of the sub battery 2 which may be caused due to the 
resistance ( n ) indicates a reaction resistance obtained by n - th degradation of the sub battery 2 during normal traveling of 
calculation of a second internal resistance except for the a vehicle . 
calculation immediately after the calculation of the first 25 In the above - mentioned embodiment , the description has 
internal resistance . been made by exemplifying the case where a nickel - metal 

[ Calculation of Parts Resistance ( n ) ] hydride rechargeable battery is used as the main battery 1 . 
The state determining unit 14 calculates a parts resistance However , other power sources such as a lithium ion sec 

( n ) of the sub battery 2 at a point of time that a second ondary battery , an electric double layered capacitor ( EDLC ) , 
internal resistance is calculated n - th times based on the 30 a fuel battery can be used . 
reaction resistance ( n ) , the reaction resistance ( 0 ) , and the In the above - mentioned embodiment , the description has 
parts resistance ( 0 ) obtained by the above - mentioned opera- been made by exemplifying the case where a lead - acid 
tion ( S27 ) . To be more specific , the parts resistance ( n ) is battery is used as the sub battery 2. However , other power 
calculated by a following formula ( 4 ) . sources such as a lithium ion secondary battery may be used . 

In the above - mentioned embodiment , the description has 
parts resistance ( n ) = axparts resistance ( 0 ) x ( reaction been made with respect to the case where the on - vehicle resistance ( n ) / reaction resistance ( 0 ) ) power source system uses two power sources consisting of 

In the formula ( 4 ) , symbol a is a coefficient decided based a 42V - system power source and a 14V - system power source . 
on the degradation of the sub battery 2 brought about by a However , provided that the on - vehicle power source system 
normal use ( normal degradation of members contributing to 40 can be established as a system , a power source may be 
a parts resistance of the sub battery ) and a failure mode ( for further added to the above - mentioned on - vehicle power 
example , a degree of connection failure , short - circuiting , source system . Further , provided that the on - vehicle power 
and breaking of members ) , and is preliminarily obtained by source system can be established as a system , a voltage of 
actual measurement or the like . For example , in the case of the power source may be suitably changed . 
degradation brought about by a normal use of the sub battery 45 In the above - mentioned embodiment , the on - vehicle 
2 , a in the above - mentioned formula ( 4 ) may be set to 1. That power supply system includes both the MG8 and the ALT5 . 
is , in such a case , it is considered that an increase rate of a However , the on - vehicle power source system can be estab 
parts resistance , that is , parts resistance ( n ) / parts resistance lished as a system provided that the on - vehicle power supply 
( 0 ) is equal to an increase rate of a reaction resistance , that system includes at least one of the MG8 and the ALT5 . 
is , reaction resistance ( n ) / reaction resistance ( 0 ) . In the above - mentioned embodiment , although the on 

[ Calculation of Internal Resistance ( n ) ] vehicle power supply system includes both the MG8 and the 
The state determining unit 14 calculates an internal resis- STA6 , the on - vehicle power source system can be estab 

tance ( n ) which is a sum of a reaction resistance and a parts lished as a system provided that the on - vehicle power supply 
resistance of the sub battery 2 at a point of time that the system includes at least one of the MG8 or the STA6 . 
calculation of a second internal resistance is performed n - th 55 The on - vehicle power supply system of the present inven 
times based on the reaction resistance ( n ) and the parts tion is preferably applicable to the detection of a state of a 
resistance ( n ) obtained by the above - mentioned operation sub battery in an on - vehicle power supply system which 
( S28 ) . To be more specific , the internal resistance ( n ) is includes : a main battery ; a sub battery which is connected in 
calculated by a following formula ( 5 ) . parallel with the main battery ; and a voltage adjuster which 

60 controls a voltage of power supplied from the main battery 
internal resistance ( n ) = parts resistance ( n ) + reaction and the sub battery . 

resistance ( n ) ( 5 ) Although the present invention has been described with 
Determination of Battery State ) respect to the preferred embodiment at a present point of 
The state determining unit 14 determines a state of the sub time , the disclosure should not be construed as limitative . 

battery 2 during traveling of the vehicle based on the 65 Various changes and modifications will become clearly 
transition of the first internal resistance and the second apparent to those skilled in the art to which the present 
internal resistance , that is , based on the value of the internal invention pertains upon reading the above disclosure . 

35 
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Accordingly , it should be construed that the present inven- the state determining unit calculates the parts resistance 
tion includes all changes and modifications without depart ( 0 ) contained in the internal resistance ( 0 ) based on the 
ing from the true spirit and scope of the present invention . reaction resistance ( 0 ) . 

5. The on - vehicle power supply system according to claim 
DESCRIPTION OF REFERENCE SIGNS wherein : 

the state determining unit calculates the parts resistance 
1 : main battery ( n ) at a calculation - time - point of the n - th second inter 
2 : sub battery nal resistance of the sub battery based on the reaction 
3 : voltage adjuster resistance ( 0 ) , the parts resistance ( 0 ) , and the reaction 
4 : state detector resistance ( n ) calculated by the second calculating unit 
5 : ALT as the n - th second internal resistance , and 
6 : STA the state determining unit calculates a sum of the reaction 
7 : accessory load resistance ( n ) and the parts resistance ( n ) as the internal 
8 : MG resistance ( n ) . 
9 : actuator 6. The on - vehicle power supply system according to claim 
10 : voltage sensor 5 , wherein the state determining unit determines that the sub 
11 : current sensor battery has failed when the internal resistance ( n ) divided by 
12 : first calculating unit the internal resistance ( 0 ) is a predetermined value or more . 
13 : second calculating unit 7. A state detecting method for a sub battery in an 
13a : voltage controller on - vehicle power supply system that includes a main battery , 
14 : state determining unit the sub battery connected in parallel with the main battery , 
The invention claimed is : a voltage adjuster which controls a voltage of power sup 
1. An on - vehicle power supply system , comprising : plied from the main battery and the sub battery , the method 
a main battery , comprising : 

a first step to calculate a first internal resistance , which a sub battery connected in parallel with the main battery , 25 contains a reaction resistance and a parts resistance , a voltage adjuster which controls a voltage of power 
supplied from the main battery and the sub battery , and based on a voltage drop amount and an inrush current 

of the sub battery when supplying power to a load , a state detector which detects a state of the sub battery , 
wherein : a second step to calculate a second internal resistance , 

the state detector comprises : which contains a reaction resistance of the sub battery , 
a first calculating unit which obtains a first internal based on a relation between a voltage and a current of 

resistance that contains a reaction resistance and a the sub battery when forcedly discharging the sub 
parts resistance of the sub battery , battery by controlling the voltage adjuster immediately 
a second calculating unit which obtains a second after calculating the first internal resistance and there 

internal resistance that contains a reaction resis- 35 after once or more , and 
tance of the sub battery , and a third step to determine a state of the sub battery based 

on the first internal resistance and a transition of the a state determining unit which determines a state of 
the sub battery , second internal resistance . 

the first calculating unit calculates the first internal 8. The state detecting method according to claim 7 , 
wherein : resistance based on a voltage drop amount and 

inrush current of the sub battery when supplying the second step comprises a step to calculate , immediately 
after calculating the internal resistance ( 0 ) as the first power to a load , internal resistance , the reaction resistance ( 0 ) contained the second calculating unit calculates the second inter 

nal resistance based on a relation between a voltage in the internal resistance ( 0 ) as the second internal 
and a current of the sub battery when forcedly 45 resistance , and 
discharging the sub battery by controlling the voltage the third step comprises a step to calculate the parts 
adjuster immediately after calculating the first inter resistance ( 0 ) contained in the internal resistance ( 0 ) 
nal resistance and thereafter once or more , and based on the reaction resistance ( 0 ) . 

9. The state detecting method according to claim 8 , the state determining unit determines the state of the wherein : sub battery based on the first internal resistance and 50 
a transition of the second internal resistance . the second step comprises a step to obtain the reaction 

2. The on - vehicle power supply system according to claim resistance ( n ) by calculating the n - th second internal 
1 , wherein the second calculating unit comprises a voltage resistance , and 
controller which controls the voltage adjuster . the third step comprises steps to : 

3. The on - vehicle power supply system according to claim 55 calculate the parts resistance ( n ) at a calculation - time 
point of the n - th second internal resistance of the sub 1 , wherein : 

the voltage adjuster comprises a DC / DC converter con battery based on the reaction resistance ( 0 ) , the parts 
nected to the main battery , and the DC / DC converter is resistance ( 0 ) , and the reaction resistance ( n ) , and 

calculate a sum of the reaction resistance ( n ) and the connected in parallel with the sub battery . 
4. The on - vehicle power supply system according to claim 60 parts resistance ( n ) as the internal resistance ( n ) . 

1 , wherein : 10. The state detecting method according to claim 9 , 
immediately after the first calculating unit calculates the wherein the third step comprises a step to determine that the 

internal resistance ( 0 ) as the first internal resistance , the sub battery has failed when the internal resistance ( n ) 
divided by the internal resistance ( 0 ) is a predetermined second calculating unit calculates , as the second inter value or more . nal resistance , the reaction resistance ( 0 ) contained in 65 

the internal resistance ( 0 ) , and 

an 40 


